Chronic low back pain [LBP] is the frequent chronic pain and notable health problem which is the main reason for disabling conditions, individual suffering, sick leave, and costly treatment. Treatment of chronic LBP consists of pharmacological and non-pharmacological treatment. Tricyclic antidepressants [TCAs], as one of pharmacological treatment, are commonly used for neuropathic pain but the data for neuropathic pain in LBP is limited. The aim of this review is evaluating the effectivity and adverse drug reactions [ADRs] of TCAs in chronic LBP.
Introduction
Chronic LBP is the frequent chronic pain and notable health problem take on throughout the world [1] [2] [3] . Chronic LBP is also considered the most frequent source of disability, in addition to its increasing prevalence [4, 5] . Approximately as many as 84% of individuals have at least an episode of LBP in their lifetime [5, 6] . Among 24 -61% of individuals with acute LBP progress into chronic LBP [1, 3, 7] Chronic LBP is the main reason for disabling conditions, individual suffering, sick leave, and costly treatment [1, 6, 8] . It has a negative effect on the quality of life and also appends the socio-economic burden for individuals and communities [3] . From the economic perspective, the impact of LBP is equivalent to other frequent, high-cost conditions, such as autoimmune, mental health, malignancy, and cardiovascular disease [9] . Unfortunately, available therapy especially oral medicines only beneficial in no more than 50% of patients [1, 4] . Some of those oral medicines are related to certain adverse drug reactions which can affect an individual's quality of life [1] .
Approximately 30.6% of chronic LBP's patients experience neuropathic pain and more than 8% of those patients develop anxiety, sleep disorder, or depression [10] . Antidepressants are commonly used for neuropathic pain with comorbid anxiety or depression but the data regarding antidepressant usage in neuropathic LBP is limited [1] . Many studies concerning LBP have failed to prove antidepressants significance and effectivity. However, a systematic review discovers that some antidepressants which inhibit the reuptake of norepinephrine can reduce chronic LBP complaints [11] .
Tricyclic antidepressants [TCAs] can produce an analgesic effect by disturbing norepinephrine and serotonin reuptake in the descending inhibitory system hence augment the amount of those neurotransmitters in the synaptic cleft [12, 13] . Each TCA has a different effect on monoamine reuptake. Amitriptyline, clomipramine, and imipramine are considered as dual-type TCA because they inhibit both serotonin and norepinephrine reuptake, whereas nortriptyline and desipramine are particularly inhibiting norepinephrine reuptake [13] [14] [15] .
Tricyclic antidepressants have a wide mechanism of action. They can interact with histamine, muscarinic, Nmethyl-D-aspartate [NMDA], and alpha-adrenergic receptors [12, 14] . Due to unspecific mechanisms, the use of TCAs is limited considering the risk of adverse drug reaction [12] . Hence, although TCAs become first-line therapy for neuropathic pain, proportions of TCAs usage in chronic LBP is relatively smaller than other antidepressants [10, 16] . This review will discuss both effectivity and ADRs of TCAs treatment in chronic LBP.
Methods
Two databases [Pubmed, and Scopus] were searched from 1998 to 2019. We include original articles including RCT, comparative, and observational study about TCAs treatment in chronic LBP. The following keywords are used: [["Tricyclic Antidepressants" OR "Amitriptyline" OR "Clomipramine" OR "Imipramine" OR "Nortriptyline" OR "Desipramine"] AND ["chronic low back pain" OR "chronic low backache"]]. Articles with duplicated records, non-English language paper, and irrelevant full text were excluded.
Results

Study selection and characteristic
The initial search generates 57 articles. After removing duplicates and irrelevant records, 5 articles that were published between 1998 to 2019 were recruited. Totally 534 chronic LBP patients were evaluated. The characteristics of the included studies are displayed in table 1. All recruited articles are RCT. Two studies compare TCAs with placebo, and three studies compare TCAs with active comparators [17] [18] [19] [20] [21] . Only one study is not blinded [19] .
Among all five relevant articles, three of them evaluate amitriptyline treatment in chronic LBP while the rest articles evaluate imipramine and nortriptyline [17] [18] [19] [20] [21] . As many as three studies increase the dose gradually based on patient response and side effects [19] [20] [21] . The duration of treatment differs in each study [17] [18] [19] [20] [21] . The only study regarding imipramine evaluates its immediate analgesic effect [18] .
Effectiveness of TCAs in chronic LBP
Amitriptyline (Table 2) is the most studied TCA for chronic LBP [17, 19, 20] . All studies of amitriptyline prove that amitriptyline can reduce pain intensity. Low dose amitriptyline (25mg/ day) which is given for 6 months is able to reduce the severity of pain by 12.6 whereas its comparator (benztropine mesylate) only reduces the severity of pain by 4.8 mm [17] . The study by Farajirad et al (2014) also finds that amitriptyline 25-150 mg/day can reduce pain scale by 3.5 from the baseline but this study does not mention the pain reduction of its comparator [20] . The same trend is also found when amitriptyline dose is increased from 12.5-50 mg/day where amitriptyline therapy can reduce VAS scores by 3.9. Amitriptyline has a better ability to reduce pain severity in comparison with pregabalin [19] .
The clinical study by Atkinson et al (1998) finds that nortriptyline therapy can reduce pain severity by 2.59 points while a placebo can reduce pain severity by 0.91 points [21] . Single-dose imipramine can reduce pain intensity by 1.6 whereas a placebo is also can reduce pain intensity by 1.5 [18] . Therefore, TCAs probably can be effective for treating chronic LBP but the comparator's effect should be carefully considered to determine TCAs effectiveness [17, [19] [20] [21] . Table 2 displays the outcome of TCAs in the included study.
Adverse drug reaction (ADR) of TCAs in chronic LBP
The most prevalence ADRs including dry mouth, somnolence, insomnia, sedation, and constipation [19] [20] [21] . Orthostatic symptoms are quite common in nortriptyline than amitriptyline treatment [20, 21] . The study reports 17 cases of orthostatic symptoms for nortriptyline while amitriptyline has only one case of orthostatic hypotension [20, 21] . The percentage of nortriptyline ADRs is considered to be the highest (100%) in our included studies. Table 3 represents ADRs in the included study.
Discussion
The primary finding of our analysis is TCAs, whether their mechanism inhibits both serotonin and norepinephrine or dominantly inhibits norepinephrine, seem effective to reduce pain symptoms of chronic LBP [19] [20] [21] [22] . All studies prove that TCAs can reduce pain severity in chronic LBP even though the pain reduction of some TCAs is not significantly different from the baseline or their comparator. The inconsistent results regarding TCAs effectivity are likely due to the differences in the dosage used, observation time, and the comparator of each study [17] [18] [19] [20] [21] . The clinical symptom is also likely contributing to the effectivity of TCAs in chronic LBP patients since those with leg or radicular pain gain better effect of analgesia [21, 23] . The clinical study by Atkinson et al (1998) find that nortriptyline therapy has a significant reduction of pain severity especially in patients with radicular pain [21] .
The clinical study by Urquhart et al (2018) indicates that low dose amitriptyline (25mg/ day) which is given for 6 months cannot significantly reduce the severity of pain when compared to the pain baseline [17] . On the other hand, clinical studies by Kalita et al (2014) and Farajirad et al (2013) indicate that titration of amitriptyline dosage from 12.5-50 mg/day or 25-150 mg/day (depending on patient tolerance) is able to significantly decrease the severity of pain from baseline [19, 20] . Those results can be due to the fact that TCAs are predicted to have a specific therapeutic window for analgesic effect. The mean effective concentration of TCAs are 65 ng/ml for amitriptyline, 30 ng/ml for nortriptyline, and <60 ng/ml for desipramine [24, 25] . If the dose and blood concentrations are out of the therapeutic range, the analgesic outcome does not occur [24] . The dose which is used by Urquhart et al (25 mg/day) is out of the range of TCAs' effective dose for analgesia in common neuropathic pain or neuropathic pain in LBP. Literature mentions the effective dose of TCAs for analgesia is between 50-150 mg/day [23] . Although 25 mg/day is not clinically or statistically significant for reducing pain severity, patients still experience 12.5 point pain reduction and a significance improved in disability, so probably dose titration may be worth considering for improving TCAs effectivity [17] . In animal-study, the lower dose of TCA approximately 2-4 fold lower than the dose for depression, is probably sufficient to terminate neuropathic allodynia [26] . When amitriptyline is compared with pregabalin, some patients only use 37.5 ± 12.9 mg of amitriptyline to experience significant pain reduction while at the same time, the other patients don't experience significant pain reduction although they use relatively the same dose (38.8 ± 12.7 mg/day) [19] . Therefore, the other clinical and concentration-controlled trial is still required to find the optimal dose and therapeutic window of TCAs analgesic effect [17, 25] .
The clinical study by Schliessbach et al (2018) shows that single-dose imipramine does not provide a satisfactory analgesic effect in comparison with the placebo, probably because of insufficient dose or non-effectiveness of imipramine [18] . Preclinical study reveals TCAs' analgesic onset does not appear immediately after acute used but is delayed following 7-14 days of chronically used [22, [26] [27] [28] . TCAs need time to influence the occurrence of molecular plasticity, hence, the onset of analgesic effect delays for several days after the first treatment [22, 28] . The use of a single-dose of imipramine is debatable, considering the possibility of the delayed analgesic onset of TCAs [18] . However, imipramine may possibly be beneficial for chronic LBP mainly with comorbid depression even though its effectivity may not be yield from the classical mechanism [18, 29] . Abbreviations: bid= bis in die (twice daily); mg = milligrams a The dose is adjusted depending on the patient's tolerance The comparator of each study may contribute to the insignificance of amitriptyline. The study by Kalita et al (2014) proves that amitriptyline can significantly reduce pain intensity when compared with pregabalin [19] . Atkinson et al (2018) also prove that nortriptyline reduces the pain intensity significantly in comparison with a placebo [21] . The studies which are not able to demonstrate amitriptyline's significance to the comparator are the study by Urquhart et al (2018) and Farajirad et al (2013) . Those studies use active comparators, such as benztropine mesylate which has sedation effect, or bupropion which has antidepressant effects through the inhibition of dopamine or norepinephrine reuptake [17, 20, 22] Patients who have used antidepressants are more possible to recover from chronic LBP symptoms than those using a placebo but those patients also experience a higher incidence of adverse effects [30] . Dry mouth, insomnia, sedation, and constipation are the most frequent ADRs in our included study (Table 3 ) [19] [20] [21] . Those ADRs are linked with TCAs mechanism in muscarinic cholinergic receptors [12, 31] . The result of our study is in line with some systematic reviews [30, 32, 33] . A systematic review suggests strong evidence regarding dry mouth and constipation as ADRs of amitriptyline and desipramine, also constipation, insomnia, and drowsiness as ADRs of nortriptyline [32] .
The percentage of nortriptyline ADRs is considered to be the highest (100%) in our included studies (Table 3) . However, Atkinson et al (1998) find that nortriptyline's ADRs are not statistically different from the placebo's ADRs [21] . In a meta-analysis, after the placebo effect is adjusted, amitriptyline and desipramine show a high risk of adverse effects just like nortriptyline [32] . Placebo adverse effect is somewhat high in patients with chronic pain, maybe indicating escalated anticipation and awareness of adverse effects in those patients [32] .
TCAs may lengthen QT intervals and cause orthostatic hypotension so that should be cautiously used in comorbid cardiac diseases. TCAs can be lethal if accidentally or deliberately used in excessive doses [34] . The mechanism which is responsible for orthostatic hypotension through the inhibition of α1-noradrenergic receptors. This mechanism is also responsible for tachycardia and dizziness incident [31] The study of nortriptyline finds a relatively high incidence of orthostatic symptoms but it is categorized as weak evidence [21, 32] . In contrast to studies of TCAs in depressed patients, serious undesirable effects, such as prolonged-QT intervals or hypotension, were not clearly observed in a meta-analysis about chronic pain, probably because the analgesic treatment uses lower doses compared to depression treatment [32] . The adverse effect of TCAs usually dose-dependent [31] . In our analysis, the study of nortriptyline reports 17 cases of orthostatic symptoms may be due to the dose which is in the therapeutic window for treating major depression [21] .
Limitation
This study actually analyzes all TCAs including desipramine and clomipramine but our method could not obtain the study of desipramine and clomipramine in chronic LBP. Moreover, we do not get clear evidence about the long term effect of imipramine, which emphasizes that further study is required to validate the effectiveness of the TCAs group for chronic LBP.
Conclusion
In summary, our review indicates that TCAs can be effective for treating chronic LBP and the dose of TCAs should be increased gradually depending on patient tolerance. TCAs can cause some adverse drug reactions, for example, dry mouth, constipation, insomnia, and sedation. In regard to more serious ADRs (i.e. orthostatic symptom) is likely dosedependent hence it can be safely used when the dose is lower compared to depression treatment. Although TCAs seems effective for treating chronic LBP, the potential benefit and harm should be quantified before using TCAs as an analgesic for chronic LBP. Further studies are required to confirm the optimal dose of TCAs for analgesia in chronic LBP.
